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J. $C$ . Maxwell 1868 3
(2 1 ) ,
([51) Maxwell E. J. Routh
, $n$ ([7]) 20 ,







, $(E)$ $(x(t), x’(t),$ $x”(t))=(O, 0,0)$ ( )
$(E)$ , , $y=x’$,
$z=x”$
$x’=y$, $y’=z$ , $z’=-cx-by-az$
1582 2008 70-79 70
, $y=x’,$ $z=x”+cx/a$
$x’=y$ , $y’=- \frac{c}{a}x+z$ , $z’=-(b- \frac{c}{a})y-az$
Routh-Hurwitz , $\backslash \nearrow^{\backslash }I$
, ,
, , ,




, $t\geq 0$ , $a(t)$ , $b(t)$ $c(t)$
$a(t),$ $b(t),$ $c(t)$
$e^{2}(t)= \exp(-2A(t)/3)\{d+\frac{2}{3}\int_{0}^{t}c(s)\exp(2A(s)/3)ds\}$ ,




$y= \frac{1}{e(t)}x’$ , $z= \frac{1}{e(t)}x’’-\frac{e’(t)}{e^{2}(t)}x’+e(t)x$
, $(L)$
$x’=e(t)y$ , $y’=-e(t)x+f(t)z$ , $z’=-g(t)y-h(t)z$ $(S)$
, $a(t)\equiv a,$ $b(t)\equiv b,$ $c(t)\equiv c$ $d=c/a$
$e(t)\equiv\pm\sqrt{\frac{c}{a}}$ , $g(t) \cong b-\frac{c}{a}$ , $h(t)\equiv a$
, ,
(1.1) , $t\geq 0$
$a(t)>0$ $a(t)b(t)>c(t)>0$
, $(L)$ $(x(t), x’(t),$ $x”(t))=(O, 0,0)$
? , ( , $e(t)$ ,




$t\geq 0$ , $e(t),$ $f(t),$ $g(t),$ $h(t)$ , $g(t)/f(t)$
, $(S)$ , $x(t)=(x(t), y(t),$ $z(t))$ ,
$x_{0}=(x_{0}, y_{0}, z_{0})\in \mathbb{R}^{3}$ , $\Vert\cdot\Vert$ , $x(t_{0})=x_{0}$
$x(t;t_{0}, x_{0})$ , $(S)$ $x(t)\equiv 0$
$t\geq 0$ , $f(t)$ $g(t)$ ,
$f(t)g(t)>0$ $(t\geq 0)$ , $\lim\inf f(t)g(t)\iotaarrow\infty>0$ (2.1)
, $k>0$ $K>0$ , $t\geq 0$
$k \leq\frac{f(t)}{g(t)}\leq K$ (22)
$t\geq 0$ , $g(t)/f(t)$
$\psi(t)=2h(t)+\frac{f(t)}{g(t)}(\frac{g(t)}{f(t)})’$
,
$\psi_{+}(t)=\max\{0,\psi(t)\}$ , $\psi_{-}(t)=\max\{0, -\psi(t)\}$
,




$V(t, x)=\frac{1}{2}(x^{2}+y^{2}+\frac{f(t)}{g(t)}z^{2})$ , $W(t,x)=V(t,x)$ exp $(- \int_{0}^{t}\psi_{-}(s)ds)$
$[0, \infty$) $x\mathbb{R}^{3}$ , $x$ (X, $y,$ $z$ ) (2.3) ,






, $t\geq 0$ $x\in \mathbb{R}^{3}$
$\dot{W}_{(S)}(t,x)=\{\dot{V}_{(S)}(t,x)-\psi_{-}(t)V(t,x)\}$ exp $(- \int_{0}^{t}\psi_{-}(s)ds)\leq 0$
, $W(t, x)$ positive definite decrescent , $\dot{W}_{(s)}(t, x)$
, Persidski [61 Liapunov , $(S)$




Lemma2.2. (2.3) (2.4) , $v’(t)$ ,
$v(t)$
Proof. (2.4)
$v’(t)\leq v(t_{0})$ exp $( \int_{t_{0}}^{\infty}\psi_{-}(s)ds)\psi_{-}(t)$
$t\geq t_{0}$ ,
$v_{+}’(t)\leq v(t_{0})$ exp $( \int_{t_{0}}^{\infty}\psi_{-}(s)ds)\psi_{-}(t)$
, $t_{0}$ $\infty$
$\int_{to}^{\infty}v_{+}’(s)ds\leq v(t_{0})$ exp $( \int_{t_{0}}^{\infty}\psi_{-}(s)ds)\int t_{0}\psi_{-}(s)ds\infty$
, (2.3)
$\int_{t_{0}}^{\infty}v_{+}’(s)ds<\infty$





$$ , $\phi(t)$ integrally
positive , $\omega>0$ , $\tau_{n}+\omega\leq\sigma_{n}<\tau_{n+1}$ $I= \bigcup_{n=1}^{\infty}[\tau_{n}, \sigma_{n}]$
$\int_{I}\phi(s)ds=\infty$
$\phi(t)$ integrally positive ,
$\lim_{tarrow\infty}\int^{t}\phi(s)ds=\infty$
, $\Omega>0$ , $\tau_{n+1}\leq\sigma+\Omega$
, $\phi(t)$ weakly $inte_{\Psi^{ally}}$positive , $2/(1+t)$ sin2 $t/(1+t)$
weakly integrally positive , integrally positive ([1-31
)
Theorem 2.3. $t\geq 0$ , $e(t),$ $f(t),$ $g(t),$ $h(t)$ ,
(2.1) (2.3)
$\lim inftarrow\infty|e(t)|>0$ , (2.5)
$\psi+(t)$ weakly integrally positive (2.6)
, $(S)$
3
$x=r$ cos $\theta,$ $y=r$ sin $\theta,$ $z=z$ , $(x, y, z)arrow(r, \theta, z)$ ,
$(S)$
$r’=f(t)z$ sin $\theta$ , $\theta’=\frac{f(t)z}{r}$ cos $\theta-e(t)$ , $z’=-g(t)r$ sin $\theta-h(t)z$ $(\tilde{S})$
$x(t)=x$($t$ ;tO, $x_{0}$ ) $(\tilde{S})$ $(r(t), \theta(t),$ $z(t))$
,
Proof ofTheorem 2.3. Theorem 2. 1 , $(S)$




, $t$ $x(t)$ $0$
74
$u(t)= \frac{f(t)}{2g(t)}z^{2}(t)$




, Lemma 2.2 , $v(t)$ $v_{0}$ , $v_{0}=0$ ,
(3.2) , $x(t)$ $tarrow\infty$ $0$ ,
, $v_{0}>0$ ,
(2.2) (3.1) , $t\geq t_{0}$ , $u(t)$ ,
$u(t)$ , $\lim\inf_{tarrow\infty}u(t)=0$ , ,
$\lim\sup_{tarrow\infty}u(t)=0$
, $\lim\inf_{tarrow\infty}u(t)>0$ , $e_{1}>0$ $T_{1}\geq t_{0}$ ,
$t\geq T_{1}$ , $u(t)>\epsilon_{1}$ , (3.3) Lemma 2.2
$\infty>\int_{l_{0}}^{\infty}|v’(s)|ds=\int_{t_{0}}^{\infty}|\psi(s)|u(s)ds\geq\int_{t_{0}}^{\infty}\psi_{+}(s)u(s)ds>\epsilon_{1}\int_{t_{1}}^{\infty}\psi_{+}(s)ds$
, (2.6) , $\lim\inf_{tarrow\infty}u(t)=0$
, lim $sup\iotaarrow\infty^{u(t)}>0$ , $\nu=\lim\sup_{tarrow\infty}u(t)$ $e(t),$ $f(t),$ $h(t)$
, $t\geq 0$
$|e(t)|\leq\overline{e}$, $|f(t)|\leq\overline{f}$ , $|h(t)|\leq\overline{h}$ (3.4)
$\overline{e}>0,$ $\overline{f}>0,$ $\overline{h}>0$ , (2.1) $f(t)$ $g(t)$
, $\underline{g}>0$ , $t\geq 0$
$|g(t)|\geq\underline{g}$ (3.5)
, (2.5) , $t\geq T_{2}$
$|e(t)|\geq\underline{e}$ (3.6)
$\underline{e}>0$ $T_{2}\geq t_{0}$ $v(t)$ $v_{0}$ ,






, $T_{3}<\tau_{n}<\sigma_{n}<\tau_{n+1}$ , $u(\tau_{n})=u(\sigma_{n})=\epsilon_{2}$
$u(t)>\epsilon_{2}$ for $\tau_{n}<t<\sigma_{n}$ ,
(3.9)
$u(t)<\epsilon_{2}$ for $\sigma_{n}<t<\tau_{n+1}$
2 $\{\tau_{n}\}$ $\{\sigma_{n}\}$ $t\geq t_{0}$ , $u(t)\geq$
$kz^{2}(t)$ , $\sigma_{n}<t<\tau_{n+1}$
$|z(t)|\leq\sqrt{\frac{2}{k}u(t)}<\sqrt{\frac{2\epsilon_{2}}{k}}$ (3.10)
, (3.1), (3.2), (3.7), (3.9) , $\sigma_{n}<t<\tau_{\mathfrak{n}+1}$
$\sqrt{v_{0}-2\epsilon_{2}}<\sqrt{2(v(t)-u(t))}=r(t)<\epsilon$ (3.11)
(3.10) (3.11) , $(S)$ $x(t)$ , $\sigma_{n}<t<\tau_{n+1}$ ,
$D=\{(r,\theta, z):\sqrt{v_{0}-2\epsilon_{2}}<r<\epsilon,$ $-\pi<\theta\leq\pi,$ $|z|\leq\sqrt{2\epsilon_{2}/k}\}$
$e(t)$ $t\geq 0$ , (3.6) ,




max $\{\frac{\underline{e}}{2},$ $\underline{e}-\frac{1}{2}1<\omega_{-}<\underline{e}\leq\overline{e}<\omega+<\min\{\overline{e}+\frac{\underline{e}}{2},$ $\overline{e}+\frac{1}{2}\}<\frac{3}{2}e$ (3.12)





( $w_{-}<\underline{e}$ , $\Omega\neq\phi$)
$\{\tau_{n}\}$ $\{\sigma_{n}\}$ , $n\in N$ , $\tau_{n+1}-\sigma_{n}\leq 2\pi/w_{-}$













, (3.8), (3.12), (3.14) , $t\in[a, b]$
$|y(t)|> \sqrt{v_{0}-2\epsilon_{2}}\sin\frac{1}{2\underline{e}}w_{-}>\sqrt{v_{0}-2\epsilon_{2}}\sin\frac{1}{4}$
$> \frac{1}{5}\sqrt{v_{0}-2e_{2}}>\frac{\overline{h}+2\overline{e}}{\underline{g}}\sqrt{\frac{2\epsilon_{2}}{k}}$










, , $n\in N$ , $\tau_{n+1}-\sigma_{n}\leq 2\pi/w_{-}$




, $\lim\inf_{tarrow\infty}u(t)=0<\nu=$ $\lim suP_{tarrow\infty}u(t)$ ,
$T_{3}<t_{n}<s_{n}<t_{n+1}$ , $u(t_{n})=\nu/2,$ $u(s_{n})=3\nu/4$ , $t_{n}<t<s_{n}$
$\frac{\nu}{2}<u(t)<\frac{3\nu}{4}$
2 $\{t_{n}\}$ $\{s_{n}\}$ , $\epsilon_{2}<\nu/2$
, $n\in N$ , $[t_{n}, s_{n}]\subset[\tau_{\mathfrak{n}}, \sigma_{n}]$ ( ,
$\{\tau_{n}\}$ $\{\sigma_{n}\}$ ) , (3.16)
$\lim_{narrow}\inf_{\infty}(s_{n}-t_{n})=0$ (3.17)
(3.1) (3.4) , $t\geq t_{0}$
$u’(t)=v’(t)-x(t)x’(t)-y(t)y’(t)\leq|v’(t)|+|f(t$ $y(t$ $z(t)|<|v’(t)|+\overline{f}\epsilon^{2}$
, $t_{n}$ $s_{n}$ , $n\in N$
$\frac{\nu}{4}=u(s_{n})-u(t_{n})\leq\int_{l_{n}}^{s_{n}}|v’(s)|ds+\overline{f}\epsilon^{2}(s_{\mathfrak{n}}-t_{n})$
, (3.17) , $1{\rm Im} \sup_{tarrow\infty}u(t)=\nu=0$
, $\lim_{tarrow\infty}u(t)=0$ , $T_{4}\geq T_{3}$ ,
$t\geq T_{4}$
$u(t)<\epsilon_{2}$
(3.9) , , $t\geq T_{4}$
, $(S)$ $x(t)$ $D$ , $(r(t), \theta(t))$
$A$ 1 , $T_{4}<T_{5}<\tau_{\epsilon}$







, , $v_{0}>0$ ,
$(S)$
Theorem 2.1 Theorem 2.3 , $e(t),$ $f(t),$ $g(t),$ $h(t)$
, , ,
(2.1) . $e(t)=f(t)=g(t)=1+t,$ $h(t)=sin^{2}t$ ,
$(S)$
$x’=(1+t)y,$ $y’=-(1+t)x+(1+t)z,$ $z’=-(1+t)y-(\sin^{2}t)z$
(to, $x0,$ $y0,$ $z_{0}$ ) $=(0,0.8,0.8,1)$
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